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(54) A surface-emitting organic light-emitting diode 

(57) An transparent cathode includes an electron 
injector, a metal layer over the injector, and transparent 
layer deposited over the metal layer and having a refrac- 
tive index equal to or greater than 1.2. 
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Description 
FIELD OF THE INVENTION 

[0001] The present invention relates to transparent s 
etectron-jnjecting electrodes which are SEE? 
effective for use with <?i irfan* Am >M «*uiany p 
ting diodes. surfac e-emrtting organic light-emit- 
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ture is definitely required for an active-matrix oi m *l 
[0003J G. Gu and others reported an OLED stnu. " 

trode shorts. Furtheimore, the forward device cu^nt 
was substantially lower than TOnt 
device with a thprmLT at of a conventional as 

□wee with a thermally evaporated thick MgAo cathode 

slZ SPM T 9 P ° Wer ° f 5 W for IT0 «as SEE£ 
saiy to produce functional OLEDs witho.it T " 
shorts. However, the sputtering iSS 

[0004] Mora recently, Parthasarathy and others 

ItL ? c n Sem,COnductor devices " ^ G. Parthasar! 
a% P. E. Burrows, V. Khalfin, V. G. Kozlov andT R 
Forrest, in Appl. Phy S . Lett . 72 , 2138 ™' ^ J R ; 

Phys. Left. 74, 3209 (1M9nST?,S " 9 " ApP '- 

reduction in pi « V ' thus a substantial 
reauct.cn in EL ff, c ,ency. Incorporation of Li at the 



JSTL usfj ° LEDS ^ eXtreme ^ sensi « v * to radi- 

ess more difficult for manufacto^. P 
SUMMARY OF THE INVENTION 

J*« an Mketat. atentnan-lniaenng ektewde k 

(a) an electron injector; 

(b) a metal layer over the injector; and 

Ser lndT rent ^ dep0Sited over the metal 

a refractive index e < uai * - 



^aHEEe!~ 

BRIEF DESCR.PT,ON OF THE DRAWINGS 
[0009] 

FIG. 1 is a schematic diagram of a prior art omanic 
surface-em,tting device in which Hght is eSed 
through a thin MgAg cathode and'an m ?£ 

S£ 5, 8 SCh6matiC diagram of an embodiment of 
AG. 3 shows the calculated transmittance of the 

tI G su 4 rL a e ^ a,iC d, ' a9ram ° f a " 6mb0dim a"t of 
£ S e o n ; mrt,,n9 0r9aniC '^^ng **• of 

ZlSST e,eCtriCa ' Characterfeti ^ of the sur- 
mce-emitting organic light-emitting diodes of thp 
invention and the prior art * e 
FIG. 6 shows optical characteristics of the surfece- 
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emitting organic light-emitting diodes of the inven- 
tion and the prior art; 

FiG. 7 shows lectrical characteristics of the sur- 
face-emitting organic light-emitting diodes of the 
invention. The properties of the devices with a dif- 
ferent cathode structure (Ag/MgO, LiF/AI/MgO, and 
LiF/Al/Ag) are displayed in the figure for compari- 
son; and 

FIG. 8 shows optical characteristics of the surface- 
emitting organic light-emitting diodes of the inven- 
tion. The properties of the devices with a different 
cathode structure (Ag/MgO, LiF/AI/MgO, and 
LiF/Al/Ag) are displayed in the figure for compari- 
son. 

[0010] The drawings are necessarily of a schematic 
nature, since the thicknesses of the individual layers are 
too thin, and thickness differences of the various ele- 
ments too great to permit depiction to scale or to permit 
convenient proportionate scaling. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0011] Before describing the multilayer cathode and 
the surface-emitting OLEDs of the invention, one config- 
uration of prior art surface-emitting OLED will be dis- 
cussed. 

[0012] In FIG. 1, an organic light-emitting device 
100 has a light-transmissive substrate 102 on which is 
disposed a light-transmissive anode 104. An organic 
light-emitting structure 120 is formed between the 
anode 104 and a cathode 110. The organic light-emit- 
ting structure 120 includes in sequence, an organic 
hole-transporting layer 122, an organic light-emitting 
layer 124, and an organic electron-transporting layer 
126. The cathode structure 110 is comprised, in 
sequence, a thin MgAg layer 1 12 and a sputter-depos- 
ited ITO layer 114. When an electrical potential differ- 
ence (not shown) is applied between the anode 1 04 and 
the cathode 1 1 0 such that the anode is at a more posi- 
tive electrical potential with respect to the cathode, the 
cathode will inject electrons into the electron-transport- 
ing layer 126, and holes will be injected from the anode 
104 into the hole-transporting layer 122. Hole-electron 
recombination occurs in the light-emitting layer 124, and 
energy is released as light, which is emitted through the 
light-transmissive anode 104 and substrate 102 as well 
as through the cathode 1 1 0. When an opaque substrate 
is used and a high-work function metal is serving as an 
anode, light is emitted only from the top cathode 1 1 0. 
[0013] Turning now to FIG. 2, a multilayer transpar- 
ent cathode 200 of the invention has, in order, an effi- 
cient electron injecting layer 202, a conductive and 
semi-transparent metal layer 204 over the electron 
injector, and a transparent layer 206 overlaid on the 
metal layer. The transparent layer has a reflective index 
equal to or greater than 1 .2. 



[0014] The electron injector 202 can be formed by 
depositing a metal layer having a work function of less 
than 4 eV on the organic electron-transporting layer. 
The electron injector metal is selected from the group 

5 consisting of alkali, alkaline earth, and rare earth met- 
als. The alkali metal includes lithium, sodium, potas- 
sium, rubidium, or cesium. The alkaline earth metal 
includes magnesium, calcium, strontium, or barium. 
The rare earth metal includes cerium, neodymium, 

10 samarium, europium, gadolinium, or terbium. The thick- 
ness of the low-work-function metal layer is in the range 
of 0.2 to 2.0 nm. 

[001 5] The electron injector 202 can also be formed 
by depositing a 2-layer cathode on the electron-trans- 

75 porting layer. The 2-layer cathode is consisting of a thin 
inner layer of metal fluorides or oxides and a thin Al 
outer layer. The metal fluoride layers can be selected 
from alkali fluorides or alkaline earth fluorides. The 
metal oxide layers can be selected from alkali oxides or 

20 alkaline earth oxides. The alkali fluoride includes lithium 
fluoride, sodium fluoride, potassium fluoride, rubidium 
fluoride, or cesium fluoride; and the alkali oxide includes 
lithium oxide, sodium oxide, potassium oxide, rubidium 
oxide, or cesium oxide. The alkaline earth fluoride 

25 includes magnesium fluoride, calcium fluoride, stron- 
tium fluoride, or barium fluoride; and the alkaline earth 
oxide includes magnesium oxide, calcium oxide, stron- 
tium oxide, or barium oxide. The thickness of the fluo- 
ride or oxide layer is in the range of 0.2 to 2.0 nm, and 

30 the thickness of the Al layer is in the range of 0.2 to 4.0 
nm. 

[0016] The conductive and semi-transparent metal - 
layer 204 can be selected from the group consisting of 
silver, gold, copper, and their alloys. These materials 
35 have low electric resistivities, thus substantially reduc- 
ing the sheet resistance of cathodes. The thickness of 
the metal layer is in the range of 6-40 nm in order to 
form a continuous layer and offer a high transmittance to 
visible light 

40 [0017] However, due to the high reflectance of the 
metal layers it is necessary to use a transparent over- 
coating layer 206 which has a refractive index equal to 
or greater than 1.2 to reduce reflectance and thus 
enhance light transmission through the cathode. Com- 

45 puter simulation was utilized to determine light transport 
through two structures. The first structure is consisting 
of an electron injecting layer and a 20-nm thick silver 
layer. The second structure is consisting of an electron 
injecting layer, a 20-nm thick silver layer, and a 55-nm 

so magnesium oxide layer. In both cases, the electron 
injecting layer was made of a 0.3-nm LiF layer and a 
0.6-nm Al layer. The optical properties of the two struc- 
tures were calculated as a function of light wavelength. 
The first structure exhibits high reflectance and low 

55 transmittance. For instance, at 550 nm (corresponding 
to green light) th first structure approximately shows a 
reflectance of 60% and a transmittance of 30%. It is of 
interest to note that the addition of a magnesium oxide 
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wnen replacing the magnesium oxide layer by other 
matenals with a relatively large reflective index FIG 3 
sh we owthe Remittance varies^ JSSL dex 
of the ransparent layers. Therefore, any transport 
matenate with a reflective index equal to o gS 
1 .2 can be selected to form the multilayer cathode tE 
matenals can be selected from the oKtStE 

lum fluoride, magnesium fluoride, calcium ft„ n rZ 
strontium fluoride, or barium fluoride 0 xfd ' 
-ncludes silicon oxide, magnesium oxide indfcm 5f 
>n oxide, 2 , nc oxide, or zirconium oxide TheTelZS 
mcludeszincselenideorsulfurselenide 

E? ♦ B6SideS the ' isted inor S anic transparent die- 
lectric materials in FIG. 3, the materials can be omanta 
matenals as well, as long as the materials is tranepfrent 
* he wavelength of interest and their refractive tnTes 
of he materials are equal to or greater tha m 2 For 
.stance . -napthylphenylbiphenyf diamine (NPB^nd 

accondance with the present invention Here £e d£|* 

400 hasasubstmte 402, on which is disposed an anoS 
404. An organic light-emitting structure 420 is formfn 
betweenthe anode 404.*.Uod.7lo?^^ 
fight-emrtting structure 420 is comprised of £ 

refractive index of 1 2 at lP«ct. 9 

r a ?dTh c e e 2 s ri ho r } is app,ied tetween the 

404 a nd t h e cathode 410 such that the anode is at a 
more posrtive electrical potential with respect to the 
, 41 ° " aprons Into he 

SSSTS, IT?' 404 int ° ,he ^"sporting 
IkE -S H ? le - electron recombination occurs in the 
light-emmng layer424> and en J JJ 

which is emitted through the ^trans^t anode 

[0020] The substrate 402 are electrically insulated 
andcanerfherb light trensmlssive or opaque. Th Zt 
transmissive property is desirable for viewing the EL 
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emission through both the bottom and the top surface 

*LTr t] ° nS Wh6re the EL emi ^°n fe viewS 
hrough the top electrode, the transmissive characters 

■J* and A,Ga,As, whereat m0 0 S ' 

nitrides. In some applications M rt«fn. Sl 
can h . „„, <w«canons, part of the semiconductor 

tote wl aS t h SUbStrate 402 f ° r el ^'uminescen 
wafer can T r6mainder ° f the semiconducto 

[0022] Tne anode 4Q4 js formed 

oxide nickel tun^f! V de ' ma 9 ne sium-indium 
Si r 0X,de ■ orcadmi ™-tin oxide. 

22 inci T eSC6nt ' ayer 424 ° f the «»■* EL 
tZe eSroL mmeSCent ° r flUorescent material. 
55 Sectl n6SCenCe is produced ^ a result o 

s Pa ' r recombin ation in this region In the 

s mplest construction, the luminescent lave? comprised 
of a single component, that is a pure mat SuST! 
h.9h fluorescent efficiency. A we,, know, m tS ,t ris 
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(8-quino!inato) aluminum, (Alq), which produces excel- 
lent green electroluminescenc . A preferred embodi- 
ment of the luminescent layer comprises a multi- 
component mat rial consisting of a host material doped 
with one or more components of fluorescent dyes. 
Using this method, highly efficient EL devices can be 
constructed. Simultaneously, the color of the EL devices 
can be tuned by using fluorescent dyes of different 
emission wavelengths in a common host material. This 
dopant scheme has been described in considerable 
details for EL devices using Alq as the host material by 
Tang and others in commonly-assigned US-A- 
4,769,292. 

[0025] Preferred materials for use in forming the 
electron transporting layer 426 of the organic EL 
devices of this invention are metal chelated oxinoid 
compounds, including chelates of oxine itself (also com- 
monly referred to as 8-quinolinol or 8-hydroxyquinoline). 
Such compounds exhibit both high levels of perform- 
ance and are readily fabricated in the form of thin layers. 
[0026] The multilayer transparent cathode of the 
invention can have applications in other electrolumines- 
cent devices. One of the potential applications is the 
use of such structures in polymer light-emitting diodes. 

EXAMPLES 

[0027] The following examples are presented for a 
further understanding of the invention. For purposes of 
brevity, the materials and the layers formed therefrom 
will be abbreviated as given below: 

ITO : indium tin oxide (anode) 

NPB 4,4'-bis-[N-(1-naphthyl)-N-phenylamino]-bi- 
phenyl (hole-transporting layer) 

Alq : tris (8-quinolinolato-N1, 08)-aluminum (elec- 
tron-transporting layer; functioning here as a 
combined light-emitting layer and electron- 
transporting layer) 

MgAg : magnesium: silver at a ratio of 1 0:1 by volume 
(cathode) 

MgO : magnesium oxide (deposited on Ag to reduce 
light reflection) 

Ag : silver (deposited on Al to reduce sheet resist- 
ance of cathodes) 

Al : aluminum (deposited on LiF) 

LiF : lithium fluoride (disposed over electron-trans- 
porting layer and combined with Al to form a 
electron injector)) 

Preparation of an organic light-emitting structure: 

[0028] An organic light-emitting structure was con- 
structed in the following manner: 

(a) a light-transmissive anode of ITO-coat d glass 
was ultrasonicated in a commercial detergent, 
rinsed in deionized wat r, degreased in toluene 



vapor, and contacted by a strong oxidizing agent; 
(b) a 75 nm thick NPB hole-transporting layer was 
deposited on the ITO-glass by conventional thermal 
vapor deposition; and 
5 (c) a 75 nm thick Alq electron-transporting and light- 
emitting lay r was deposited on the NPB layer by 
conventional thermal vapor deposition. 

[0029] The above structure serves as a base con- 
10 figuration for each of the following examples, and is 
given in abbreviated form as ITO/NPB(75)/Alq(75). 

Example A 

75 [0030] An organic light-emitting device was con- 
structed as follows: a MgAg cathode was deposited on 
the Alq (75) layer of the base configuration by conven- 
tional thermal vapor deposition from two sources (Mg & 
Ag) to a thickness of about 200 nm, so as to produce a 

20 control device having an opaque top electrode. 

Example B 

[0031] An organic light-emitting device was con- 
25 structed as follows: a MgAg cathode was deposited on 
the Alq (75) layer of the base configuration by conven- 
tional thermal vapor deposition from two sources (Mg & 
Ag) to a thickness of about 1 0 nm, and then an ITO layer 
was overlaid on the thin MgAg buffer layer by radio fre- 
30 quency sputtering so as to provide a prior art device. 

Example C 

[0032] An organic light-emitting device was con- 
35 structed as follows: an Ag layer was deposited on the Al 
(q) layer of the base configuration by conventional ther- 
mal vapor deposition to a thickness of 20 nm, and then 
a MgO layer was deposited on the Ag layer to a thick- 
ness of 56 nm. 

40 

Example D 

[0033] An organic light-emitting device was con- 
structed as follows: a LiF layer was deposited on the Al 
45 (q) layer of the base configuration by conventional ther- 
mal vapor deposition to a thickness of 0.3 nm, an Al 
layer with a thickness of 0.6 nm was deposited on the 
LiF layer, and then a MgO layer was deposited on the Al 
layer to a thickness of 56 nm. 

50 

Example E 

[0034] An organic light-emitting device was con- 
structed as follows: a LiF layer was deposited on the Al 
55 (q) layer of the base configuration by conventional ther- 
mal vapor deposition to a thickness of 0.3 nm, an Al 
layer with a thickness of 0.6 nm was deposited on the 
LiF layer, and then an Ag layer was deposited on the LiF 



55 



5 



layer to a thickness of 20 nm. 
Exam ple P 
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[0035] An organic light-emitting device was C on * 

SSS«=S5k: . 

rip " J ™ e UF ,a y er « and then a MgO layer was 
deposited on the silver layer to a thickness of 56 nm 

ExampJeG 



.nan. rssuns „ shom , , n F ^ 8 "»" *>e"»nM, 

skills: 



75 



ST^f iCi6nCy ^ a PP raxima ^V 60-70% of the 

4.0 nm. V ls ,n lm » of 0.2 to 

thin Al outer layer *' ° X ' de layer and a 

ffi J^Err 1 Cath0<fe Wh6rein ,he meta ' 
alpine ea^es 6 "** ° f alka,i a »* 

Eh. lud^So"^ r Wh6rein the alkali 
ne earth o^T™ Ca,h ° de Wherein tha a *a- 

layer s se^ZT ^ the mata ' 

^c^Z^:/ 0 ^ C0n8fetin9 ° f 

.«, " SParent Cathode wha -"ain thT'trans 

[0058] The transparent cathode wherein the inor- 
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ganic material is selected from the group consisting of 
fluoride, oxide, and selenide. 

[0059] The transparent cathode wherein the fluo- 
ride includes lithium fluoride, magnesium fluoride, cal- 
cium fluoride, strontium fluoride, or barium fluoride. 5 
[0060] The transparent cathode wherein the oxide 
includes silicon oxide, magnesium oxide, indium oxide, 
tin oxide, zinc oxide, or zirconium oxide. 
[0061] The transparent cathode wherein the sele- 
nide includes zinc selenide or sulfur selenide. 10 
[0062] The transparent cathode wherein the 
organic material includes napthylphenylbiphenyl 
diamine (NPB) and Tris-(8-hydroxyquinoiine) aluminum 
(Alq). 

[0063] The surface-emitting organic light-emitting 75 

diode wherein the substrate is electrically insulated and 

is light transmissive or opaque. 

[0064] The surface-emitting organic light-emitting 

diode wherein the light transmissive substrate is 

selected from the group consisting of glass and plastic 20 

foil. 

[0065] The surface-emitting organic light-emitting 
diode wherein the light opaque substrate can be a sin- 
gle crystal semiconductor substrate selected from the 
group consisting of Si, Ge, GaAs, GaP, GaN, GaSb, 25 
InAs, InP, InSb, and Al x Ga^ x As, where x is from 0 to 1 . 
[0066] The surface-emitting organic light-emitting 
diode wherein the anode is a conductive and transmis- 
sive layer formed from metal oxides. 
[0067] The surface-emitting organic light-emitting 30 
diode wherein the oxide includes indium-tin oxide, alu- 
minum- or indium-doped zinc oxide, tin oxide, magne- 
sium-indium oxide, nickel-tungsten oxide, or cadmium- 
tin oxide. 

[0068] The surface-emitting organic light-emitting 35 
diode wherein the anode is a conductive and opaque 
layer formed from metal or metal alloys. 
[0069] The surface-emitting organic light-emitting 
diode wherein the metal and metal alloy include nickel, 
gold, iridium, molybdenum, palladium, or platinum. 40 
[0070] The surface-emitting organic light-emitting 
diode wherein the organic hole-transporting layer is 
formed of a material including hole-transporting aro- 
matic tertiary amine molecules. 

[0071] The surface-emitting organic light-emitting 45 
diode wherein the organic light-emitting layer is formed 
of a light-emitting host material consisting of a metal 
chelated oxinoid compound. 

[0072] The surface-emitting organic light-emitting 
diode wherein the organic light-emitting layer further so 
includes at least one dye which emits light when dis- 
persed in the light-emitting host material. 
[0073] The surface -emitting organic light-emitting 
diode wherein the electron-transporting layer is formed 
of a material consisting of a m tal chelated oxinoid com- 55 
pound. 



Claims 

1 . A transparent cathode comprising: 

(a) an electron injector; 

(b) a metal layer over the injector; and 

(c) a transparent layer deposited over the metal 
layer and having a refractive index equal to or 
greater than 1 .2. 

2. The transparent cathode of claim 1 wherein the 
electron injector is formed of a metal having a work 
function of less than 4 eV. 

3. The transparent cathode of claim 2 wherein the 
electron injector metal is selected from the group 
consisting of alkali, alkaline earth, and rare earth 
metals. 

4. The transparent cathode of claim 3 wherein the 
alkali metal includes lithium, sodium, potassium, 
rubidium, or cesium. 

5. The transparent cathode of claim 3 wherein the 
alkaline earth metal includes magnesium, calcium, 
strontium, or barium. 

6. The transparent cathode of claim 3 wherein the rare 
earth metal includes cerium, neodymium, samar- 
ium, europium, gadolinium, or terbium. 

7. A surface-emitting organic light-emitting diode com- 
prising: 

(a) a substrate formed of an electrically insulat- 
ing material; 

(b) a conductive anode mounted over the sub- 
strate; 

(c) an organic light-emitting structure formed 
over the anode layer; and 

(d) a transparent cathode formed over the 
organic light-emitting structure and including: 

(i) an electron injector, 

(ii) a metal layer over the electron injector; 
and 

(iii) a transparent layer overlaid on the 
metal layer and having a reflective index 
equal to or greater than 1 .2. 

8. The surface-emitting organic light-emitting diode of 
claim 7 wherein the organic light-emitting structure 
includes: 

(a) an organic hole-transporting layer formed 
over the anode layer; 

(b) an organic light-emitting layer formed over 
the hole-transporting layer; and 
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InrJH 0 T iC e,ectro ^ransporting layer 
form d over the light-emitting layer. 
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Description 

BACKGROIlMnn C T HF|f|vrf|T|n([ 
1. Field of the Invention 

JJSJi Th ° Pr6Sent inVenti0n rela,es to an organic 
efccUoluminescent disp,ay panel used in a dispby aT 

paratus and comprising a plurality of organic efectrolS 
mmescent elements (also referred to herein asELelp" 
ments) each including an emitting teyer Ze of ant" 
^mpoundmaterial, which lL^eS™Z 
ne cence phenomenon that is the emission of light™ 

teyer In particular, ,t ,s related to a full color display de 

ticularly, the present invention is related to an organic 
electrolummescen, disp.ay panel of the kind as defned 
-n the preamble of claim 1. Furthermore, thepresen, ,n 

c etectroluminescent display panel of the kind as de 
fined* the preamble of claim 10. A display panef and 
a method of this kind is known from EP-J-0 K0 0^ 

2. Description of the Related Art 

[0002] Generally, the formations of the cathode and 
the orgamc function layers of EL media in Z organic 
EL element are difficult in a micro-patterning an ? since 

(100 C or less), wet-proof and solvent-resisting of the 
organic EL media used for the carrier injectioXeVs 
the emrttmg layer or the like in the function layers E 
ordinary photolithography patterning is fo he 

ITT of r h func,ion iavere * *» C £ t 

mem the ^ in ^ a* 
unctwn layers of the EL element to be damaged and 
the orgamc EL element is damaged durinq Z ohotora 

ther the development solution or etching liquid S he 
Photoresist layer also intrudes into the c?gaT . EL £ 
men to be damaged. Even p,asma in the' d^-etcht 

ye ?«££7T ' ayer dama9SS the °^^no ton 
ayers of the EL element. These damages cause the de 

and emrssion properties. This is a serious pfoblem 

22? h AI,6rna,ive ^ there * « vacuum CcLTpat- 
tem ng by using a shadow mask to form the'camS 
and the organic function layers of the organic EL ele 
men . In thrs case, there are many problems in thlt Z 
mask comes into contact with a JSSSSSSj! 
orgamc function layers are formed. That fe,?he7eat ge 
of the vapor of organic EL media occurs between the 

of. Otherwise, the shadow mask is compulsorily seal 
mgly put into contact with the substrate I thXelhi 

.3o n Ldm me ?r is dama9ed due ^cSS 

the forced mask dunng the EL medium deposition, and 
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SktotSr ,0 bS deP0Sited fe deto ™° by the 
masK to be short-circu ted to the annHo *- L 

* ^ i8directc ^'^«hemaskandTe 
substrate further causes deformities of the mask Jh 

organr^°,eme nt d " *■ 

[0004] As full color display devices, there have been 

15 Z T 062) and 5 -**^**^« ZTJZ 

B14&12 814163 (cf. also EP-A-0 550 062) and susss 

- o I ne?a ra nIlT n9 !** ^ at 
oinries and rows of matrix electrodes 

^ ^1? tran f parent subs "-ate with electrical insula" 
hon The hne electrodes made of transparent material 

- sn?s2 subs,rate and spaceS <™ ™ - 

otner Th.s first transparent electrodes connect the ad 
iacent pixels. Organic EL media are 

ond electrodes of row formed on the organic ELmSL 

22 ! ° ,r ° Wextends P er P^diculartothefirstelec 
trades and connect the adjacent pixels respect^fy In 

siructure that the first and second electrodes sandwich 

« kspss- med n at ,he imersections 

[0006] Japanese Patent Kokai No. 2-66873 discloses 

h f void for90in9 prob,em <* 

JSl'K!; 8fe ?t 0 * VentintotheEL ^ium .ay- 
er; mat is the photores.st comprising a specific solvent 

40 SET"? ,he ° r9anic EL medi ^ « used ,h he IE 
« tocography patterning, and then the cathode caSem 
.s etched by a dilute sulfuric acid to temSf^ST 

2T2 SU ° h 3 w Step is a P^em 
oanic EL msri i dama9eS ,he Previ0us| y 'ormed or 

« S ™ ' M 00 SUbS,rate - 

organic EL medium thin films are vacuumSeposTed Z 
usmg such higher wall masks in .uchiroSSXl 
pradetermined organic EL medium vapor flow is dSL 

- p1«; 'In 0 ;! IT* l ° ^ aTd 

mask? t,Vely Shi6lded bv the hl '9*er wall 

[0008] However, such a method restricts the flovihi* 
kyout of pattern of pixels wtthin a st^tZ ^o 
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the wall masks must be formed perpendicular to the only 
one slanting direction of the organic EL medium vapor 
flow. Therefore, it is impossibl to form a pixel pattern 
with a delta arrangement RGB in the panel nor any dis- 
play panel with a bent or meandered cathode pattern. 
[0009] Further, it is still difficult to form such higher 
wall masks on the substrate when fine pixels and pat- 
terns are fabricated for the full-color display panel, i.e., 
in detail it is very difficult to form the higher wall mask 
having a high aspect ratio (height/bottom) in its cross- 
section. Even if such higher wall masks are formed on 
the substrate, the strength of the wall will be low and the 
reliability in the performances and shapes of the result- 
ing second electrodes and organic EL media films will 
be low. In addition, such a manufacture of the emitting 
device invites a complicated processing because of the 
slanting vapor flow deposition in one direction with a low 
precision. 

SUMMARY OF THE INVENTION 

[0010] Therefore, the present invention has been 
made to solve such a problem in view of the forgoing 
status. An object of the invention is to provide an organic 
electroluminescent display panel and method for man- 
ufacturing the same which are capable of being manu- 
factured with a freely flexible patterning without deteri- 
oration of the organic function layer, cathode and other 
elements. 

[001 1 ] In accordance with a first aspect of the present 
invention, an organic EL display panel of the above-ref- 
erenced kind is characterized in that 

each electrical insulation rampart has an over- 
hanging portion projecting in a direction parallel to the 
substrate preferably at an upper. 
[001 2] This organic EL display panel further compris- 
es an insulative layer formed on portions of the first dis- 
play electrodes to be under said overhanging portion 
and/or edges of the exposed portions of the first display 
electrodes, whereby the short-circuit between the first 
and the second display electrodes is prevented. 
[0013] The forgoing organic EL display panel further 
comprises an insulative sealing film entirely formed on 
the first display electrode, the organic function layers 
and the second display electrode. At least the second 
display electrode is covered as a whole with the insula- 
tive sealing film, whereby the deterioration of the EL dis- 
play panel is prevented. 

[0014] In the forgoing organic EL display panel, said 
first and the second display electrodes are formed as 
stripes respectively, and each first display electrode is 
arranged perpendicular to each second display elec- 
trode. 

[0015] In the forgoing organic EL display panel, the 
substrat and said first display lectrode ar transpar- 
ent, and ach second display lectrode has a metallic 
luster, otherwise the organic EL display panel furth r 
comprises a reflectiv film formed on the second display 



electrode preferably. 

[0016] In another embodiment of the organic EL dis- 
play panel of the invention, when each of the second 
display electrodes is transparent, said first display elec- 
s trode has a metallic luster, otherwise the organic EL dis- 
play panel further comprises a reflective film formed on 
the first display electrode at the outer-side. 
[0017] In accordance with a second aspect of the 
present invention, a method for manufacturing an or- 
10 ganic EL display panel of the above-referenced kind is 
characterized in that the rampart formation step each of 
said electrical insulation ramparts is formed so as to 
have an overhanging portion projecting in a direction 
parallel to the substrate. 
is [001 8] In this method for manufacturing an organic EL 
display panel, said rampart formation step further com- 
prises preferably the steps of; 

forming entirely a rampart material layer on said 
20 substrate; 

forming a photo mask with a predetermined pattern 
openings on the rampart material layer; 
etching the rampart material layer through the 
openings of the photo mask by using a dry-etching 
25 or wet-etching, thereby forming the ramparts having 
said overhanging portions. 

[0019] In the forgoing method for manufacturing an 
organic EL display panel, the organic electrolumines- 
30 cent media depositing step further comprises preferably 
repetition of the following steps of; 

putting a shadow mask onto top surfaces of the 
ramparts, the shadow mask having a plurality of 
35 openings corresponding to the exposed portions of 
the first display electrodes, while aligning the open- 
ings to the first display electrodes respectively; 
depositing organic electroluminescent media 
through the openings onto the first display elec- 
40 trodes between the ramparts respectively; and 

shifting the shadow mask to an adjacent portion of 
the top surfaces of the ramparts where the openings 
are aligned to adjacent other first display electrodes 
or layers of media, whereby enabling a high efficient 
45 manufacturing. 

[0020] In this way, since the rampart protects the or- 
ganic function layer during the formation thereof, there 
is decrease of damage of the organic function layer due 

so to the shadow mask put thereon, even if there is per- 
formed a direct contact onto the rampart of the mask 
with insufficient strength and precise fine patterns such 
as stripe patterns. In addition, the use of the rampart 
and the shadow mask makes a sure separation of RGB 

5$ organic function layers and shares the coatings of RGB 
organic m dia at a high precision. 
[0021] Moreover, according to the present invention, 
the manufacture of the organic EL display panel further 
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comprises preferably; 

HZ!!!! Pattemin9 Step for ** « rs ' Replay 
electrode and said rampart formation step 
tomrung insulative layers on portions of the'first die- s 
Play electrodes to be under said overhanging por- 
^ r ^ ^ s °' ^posed portions of thefirst 
d-splay electrodes, the insulative layer formed at 
least port,on S =of-the firs. dfeplay electees to be 

eSLn ld0 : ert,an 9 in 9P orti °nand/oredgesof.he 10 
exposed port l0 ns of the first display electrodes 
surely prevents the short-circuit between said first 
and the second display electrode. 

a?ofinr, U ?[ , !I' m ? f0r ^ in9me,h ^ formanufact ""ng » 
an organic EL display panel according to the present 
mventon further comprises preferably ?he steps of 

after forming step of the second display electrode 

of the second display electrodes, so that the insu- 
re sealing film formed on the first display e L- 
trade, said organic function layers and said second 
asplay electrode prevents any increasing of non 

ZSfJT™ CaUS6d by ,he de,e "^tk»n in EL « 
media of the organic EL display panel. 

SS.^ 9 - ' Urther features ' stages and 
benefits of the mvention will become apparent in the fol 
lowing description taken in conjunction with ie Zlt so 
-ng drawings. It is ,0 be understood that the foregoing 
general descnption and following detailed descriot on 

frveoT^ ^ eXPlana,0ry bul are not S 
tive of the invention. The accompanying drawings Zch 

arern^rporatedinandconstituteapartofthisinvemS 35 
and, **** ** the description, s'erve to Z 

a,s ret? ST - inVemi ° n h terms - Lik ~ 

™IT tJ u^ 8 ,hr0U9h0u, ,he discl ^"re. 

Kon are £? and ° ,her ,eatures of •» 

nvention are made more apparent in the ensuinq De- 40 

£ ?!? fH r,Pti0n ° f ,hS ' nVen,ion «*« — in Sc. 
Hon with the attached Drawings. 

BRIEF DESCRIPTION OF TUP nn,» tt | r 
[0025] 
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Fig- 1 is a partially enlarged simplified plan view of 
an organ* EL djsp|ay pane( ^ ewof 

present invention; 

SS^iTbT ia !' y er " ar9ed P 8 ^^ view of an 
Son SP ' ay Pane ' aCC ° rdin9 10 the P^ent 
Fig. 3 is an enlarged cross-section view of an or- 
vem'ton ^ Pane ' aCC ° rdin9 10 the P resent * 
Fig. 4 is a perspective viewof the substrate carrying 
electrodes in the organ* EL display panel accord 



ing to th present invention; 
Figs. 5A to 5C are cross-section views showina 

^esinap^ssformanufacfunnganC 
KEL display pane, according to the present inven- 

eTh 2f an<J 68 arS en ' ar9ed cras s-section views 
each showing a rampart on the substrate in a proc- 
ess for manufacturing an organic EL display panel 
according to the present invention- 

eTh 2 ,0 7H en ' ar9ed cr °^-section views 
each showing a rampart on the substrate in an or 

vention; ^ **" t0 the P rese * * 

Figs 8A to 8D are cross-section views showina 

-cEL dispby panel according to the present inXn 

F JL^ 10 9C are CrOSS - sectton views showing 
substrates m a process of a first embodiment tor 
manufactunng an organic EL display panel acco d- 
mg to the present invention; 
Fig. 10 is a scanning electron microphotograph 
showing a rampart on the substrate in the fiS em 
bod-men, of an organic EL display pane, according 
to the present invention; 9 
Fig. 11 is a scanning electron microphotograph 
showing an organic function layer and an Al eTec 

%?J£7* 10 8 ° n the s ^rate in the 

£££2"* 01 an organic EL displav panel a °- 

cording to the present invention- 
s' J!/* 3 SCannin9 el9Ctron microphotograph 
Sren, a J mPart0nmeSUbStra,einasec ^i 

totTnl a , n ° r9aniC EL diSpla y P 8 " 61 wording 
to the present invention; 9 

2L2" 3n T' af9ed cross *«*on view of a third 

emod^entofanorganicELdisplaypanelacco^ 
mg to the present invention- 

s?bstrat A s ?n 14D arS views showing 

subs rates n a process of a fourth embodiment for 

EST 9 an or9anic EL disp,av p** 

mg to the present invention 

2te in iS ,h en ' ar9ed P,a " Vi8W of the sub- 

strate , n the fourth embodiment for manufacturing 

an orgamc EL display panel according toTe 
present invention; 9 ne 

ImJmLT^ 6nlar9ed Pla " Vi6W 0f the sub- 
an o 'an? 1 embodimant *» manufacturing 

Itl l"* P f rtia !! y enlar " d Pla " V,eW 0f lh * «*- 

strate ,n the fourth embodiment for manufacturing 
an organic EL display panel according to the 
present invention; 9 09 

Fig. 20 is a schematic diagrams showing an ar- 
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rangement of th substrate and a vapor source in 
the fourth embodiment for manufacturing an organ- 
ic EL display panel according to the present inven- 
tion; 

Fig. 21 is a cross-section view showing a substrat 
in a process of a fifth embodiment for manufacturing 
an organic EL display panel according to the 
present invention; and 

Figs. 22 to 25 are enlarged cross-section views 
each showing a rampart and adjacent thereto on the 
substrate in a process of the fifth embodiment for 
manufacturing an organic EL display panel accord- 
ing to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] The embodiments according to the present in- 
vention will be described in more detail with reference 
to the accompanying drawings. 
[0027] Fig. 1 shows a partially enlarged simplified 
plan view of an organic EL display panel of an embodi- 
ment which is provided with a plurality of emitting pixels 

1 of matrix each having emitting portions for red (R), 
green (G) and blue (B) lights in order to display an im- 
age. This is seen through the substrate of the panel from 
the outside thereof. In addition, the organic EL display 
panel may be formed as a monochrome display panel 
comprising a single color emitting portions instead of 
RGB emitting portions. 

[0028] Fig. 2 shows a further enlarged perspective 
view of the backside of the panel in which the substrate 

2 carries a plurality of first display electrodes or lines 3 
arranged parallel to one another as stripes in a coplanar 
surface thereof. 

[0029] Moreover, a plurality of ramparts 7 made of an 
electrical insulation material are formed on the substrate 
2 so as to be arranged perpendicular to the first display 
electrode lines 3 and apart from each other, as shown 
in Figs. 2 and 3. The electrical insulation ramparts 7 
project from or stand on the substrate 2 and expose at 
least portions of the first display electrodes 3 respec- 
tively. 

[0030] Each electrical insulation rampart 7 has over- 
hanging portions 7a projecting in a direction parallel to 
the substrate at an upper thereof. The overhanging por- 
tion 7a is formed along the extending edge of the ram- 
part 7. 

[0031] Between the ramparts 7, organic function lay- 
ers 8 including at least one organic electroluminescent 
medium or compound are formed and arranged over the 
exposed portions of the first display electrodes 3. The 
organic function layer 8 includes three organic EL media 
thin films e.g. , an organic hole transport layer, an organic 
emitting layer and an organic electron transport layer as 
a three-layer structure. The organic function layer 8 may 
alternatively include a two-layer structure comprising an 
organic hoi transport layer and an organic emitting lay- 



er. 

[0032] Second display electrodes 9 are formed on the 
organic function layers 8 of the organic el ctrolumines- 
cent medium respectively along the extending direction. 
5 In this way, the intersections of the first and second dis- 
play electrode lines sandwiching the organic function 
layers correspond to light emitting portions respectively 
in the organic EL display panel of a simple matrix type. 
[0033] On the second display electrode 9 of the panel, 
a protective film 10 or a protective substrate is formed 
preferably. In this organic EL display panel, the sub- 
strate and the first display electrodes are light transmis- 
sible, and thus the light emission radiates from the sub- 
strate. Therefore, as shown in dot lines in Fig. 3, a re- 
flecting layer 21 may be preferably formed on the pro- 
tective film 10 in order to improve the emitting efficiency. 
In contrast, the second display electrode may be made 
of a transparent material so as to emit light from the sec- 
ond display electrode in another embodiment of an or- 
ganic EL display panel. In this case, another reflecting 
layer 22 may be preferably formed on the substrate 2 in 
order to improve the emitting efficiency. 
[0034] A process for manufacturing the organic EL 
display panel is now described. 
[0035] In a patterning step of the process, as shown 
in Fig. 4, a plurality of first display electrodes 3 of a stripe 
shape made of a transparent conductive material such 
as indium tin oxide (ITO) are formed parallel to each oth- 
er on a transparent substrate 2 of glass by using a pho- 
tolithography technology (e.g., 0.3 mm pitch, 0.28 mm 
width and 0.2 micrometers thickness). 
[0036] Next, by using a spin-coating method in the 
rampart formation step, the first display electrodes 3 on 
the substrate 2 are entirely covered with a rampart ma- 
terial such as non-photosensitive polyimide 70 as a ram- 
part layer up to a 3 micrometers thickness. Then second 
rampart material such as Si0 2 71 for the overhanging 
portion is entirely formed on the rampart layer of poly- 
imide 70 by using a sputtering method up to a 0.5 mi- 
crometers thickness. 

[0037] Next, as shown in Fig. 5A, the Si0 2 layer 71 is 
spin-coated with a photoresist as a mask layer up to one 
micrometer thickness, and then the mask 72 of photore- 
sist each having a 20 micrometers width is formed by 
using an ordinary photolithography, so that the photore- 
sist pattern for ramparts is formed. 
[0038] Subsequently, as shown in Fig. 5B, the SiO s 
layer 71 is selectively etched via openings of the mask 
72 by a reactive-ion etching method so as to be the 
same photoresist pattern of ramparts, so that the upper 
portions to be overhanging portions are formed. In this 
reactive-ion etching, the etching gas of CF 4 is mainly 
used at the gas flow of 100 SCCM under the conditions 
of a 100 W RF power for 10 minutes for the purpose of 
completion of the etching. 

[0039] After that, as shown in Fig. 5C, the polyimide 
layer 70 is also selectively etched by using a dry-etching 
or wet-etching method, so that the body 70 of the ram- 
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part and overhanging portion 7a projecting in a direction 
paral el to the substrate at the top are form d. In this 

Tni T" 7 C ° nSi8,S 0f the bod y 70 ° f P°lyimide 
and the overhanging portion 71 of Si0 2 with a T-shaped 
cross-section as a whole. The height of the T-shaped 
cross-section rampart 7 from the substrate is not re- 
stricted as far as it does not provide any electric short- 
circuit between the individual ITO anode 3 and the indi- 
vidual second display.electrode or cathode 9 which will 

thV~T J?* ' aterprocess - Concretely, the height of 
he rampart 7 preferably ranges from one micrometer to 
10 micrometers. In addition, the width of the overhang- 
ing portion 7a protruding from the body side of the T- 

!^T?KT rt7iSSUffiCientlyonemicromete fo^ore, 
and the thickness of the overhanging portion is suffi- 
ciently 0.2 micrometer or more as far as they do not pro- 
l ectri " hort - circ ^ °' the electrodes simiterly. 
[0040] This T-shaped cross-section rampart 7 is 

Fi^A ,hr °H U c 9 = ,h6 reac,ive - ion eto hing as shown in 
Figs. 6A and 6B ,n detail. First, the polyimide layer 70 is 
dry-etched by an 0 2 gas perpendicular to the substrate 

Ro ra T* U T' CUt (anisotropic s fchin9) as shown in 
Fig. 6A. After that, the polyimide layer 70 is wet-etched 
by an alkali solution for approximately 30 seconds so 
that the wall side 70a of the rampart body of polyimide 
70 is isotropically etched as shown in Fig. 6B Fiq 7A 
shows the T-shaped cross-section of the rampart 7 re- 
sulting from this two-stage etching. 
[0041] Alternatively, in another etching method for en- 
graving the polyimide layer 70, the polyimide layer 70 is 
isotropically wet-etched merely by an alkali solution with 
a pertinent concentration for 1 to 2 minutes without the 
previous anisotropic etching, so that SiOu layer 71 serv- 
ices as a mask for etching of the polyimide layer 70 and 
hen undercut shapes of sidewalls of polyimide are ob- 
ta.ned because of a isotropically wet-etching, as shown 
in nICJ. /a. 

[0042] The so-called polyimides stated above in- 
cludes a precursor which is a previous substance before 
imidizanon such as aromatic. Such a precursor is heat- 
ed up to approximately 300«C after casted as shown in 
Hg. 5C, so that imidization is complete to cause a ther- 
mally stable poVimide. The casted aromatic precursor 
may be used as it is as far as it becomes integrity without 
any inconvenience. Alternatively, instead of polyimide 
ana si0 2 , pertinent materials disintegrated during the 

S b^t 8 ' 390 etChin9 may be used for ,h e ram- 
part body of the upper and the overhanging portion of 

the lower respectively. The electric insulative materials 

having shape strength of the rampart even before the 

forThem" 0r9a " iC ,UnCti ° n ^ alS0 may be used 

SSL" 8 * ?C t0 ?H Sh0W variatio n s <* cross-sec- 
tions of the rampart instead of two-layer structure above 
mentioned^ reverse tapered cross-sections of the 
ramparts shown in Figs. 7C and 7D are formed in such 

K TwTc h n T* that ,hS Ph0,0resist **« is treat- 
ed with C 6 H 5 CI. There may be form d the other cross- 
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sections of the ramparts shown in Figs. 7 E to 7H as far 
as overhanging portions exist 
EUS | Af,er ! heforma,iono,, neramparts,theorganic 

s Figs 8A 5 BD T^" * as sho ™ in 

thf J ThS ° rganic EL media are disposed on 

he ex^^ f.rst display electrodes 3 respectively, so 
tha at least one organic function layer is formed per one 
emitting portion. After that, in the second display elec 

10 SadTT StGP ' SeCOnd diSplay electrades «• 
Z! , ° r9aniC fUnCtion by™- ln the following 
figures only one set of RGB emitting layers are shown 

o m T ri P ' Xe bUt PraC,iCe 3 plura,ft y <* P«els are 
formed simultaneously in a coplanar plan of the sub- 
's [0045] Fig.8Ashowsindetailtheorganicfunctionlay- 
^ formation step. While openings 31 of the shadow 
mask 30 are aligned to portions of the substrate 2 each 
surrounded by the rampart 7 and the shadow mask is 

20 E f t d 00,0 ,0P SUr,aces of the imparts. After 
* that, firstorgan.cfunction layers 8R for a first color emis- 
sion (e.g., red) are vacuum-deposited at a predeter- 

D Z^ eS ?:° U9h ,hS ° penin9S 0(1,0 the first dis- 
play electrodes 3 between the ramparts. The substrate 
is preferably placed during the vacuum^Jeposition in 
sucha mannerthatthe vapor of the organic EL medium 
goes ar o Un;1 ^ overhanajng portjon ^ ^JJJJ 

ons under theoverhangingportion. There is not restric 
•on of angle of the substrate surface to the vapor flow 

so t h ^ firSt C °' 0r ° r9anic ,unc,i °n i^ers 2 
» Jrmedonthefirstdisplayelectrodesrespective'y. Inad 
drtion, in case that the organic function layer of the three- 
layer structure (e.g., an organic hole transport layer an 
organic ernrtting layerand an organic e.ect°on transpS 

* TJZr • theCOrresp °n*gdifferentorganicme- 
dia may be vacuum-deposited in this step, in the later 
each step for the function layer, this multi-deposition 
may be performed similarly. 

JSIf ' n ' ne , s,epo,Fi 9- 8B, theshadowmaskisshift- 
ed toward the left by one rampart so that the openings 

the mS r° I* adjaC6m rampart Spaces - « S 
hemaskisfixedontotopsurfacesoftheramparts. After 
that, second organic function layers 8G for a second 
color emission (e.g., green) are vacuum-deposited at a 

<* trcSs T 6 ,hiCkneSS ° nt ° ,he firSt displa * elec - 

HhJ? t eS,eP0fFi9 - 8C ' ,hesnad0wma ^ is sim- 
ply shifted toward the left by one rampart so that the 
openings are aligned to the adjacent rampart spaces 
so ^Jf ^ thamaskis fi x edontotopsurfacesof the ram- 

? ^ **' third ° r9aniC func,ion ^ers 8B for a 
third color emission (e.g., blue) are vacuum-deposited 

eLcL P e f ; r rmined thiCKneSS ° nt0 ,he firSt displa V 

ss In? 8 ! '"'"'^y'^P^rab'ethatthemaskputting 
and ahgnmg step and the media depositing step are re 
pea ted , n such . manner Qf ^ ^ ^ ^ >» 

shrfted to an adjacent portion where the openings 
aligned to adjacent other first display electrodes since 
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the manufacturing of the panel is improved convenient- 
ly. The rampart 7 is useful to prevent the shadow mask 
from damaging the organic function layer when th 
aligning, shifting and putting of the mask are performed 
in the vacuum-depositions of the organic function lay- s 
ers. 

[0049] Fig. 8D shows a step for forming the second 
display electrodes 9 in which, after the shadow mask for 
the organic function layers are removed, a low resist- 
ance metal such as Al, Mg, Au and the like and an alloy 
thereof is vacuum-deposited as cathodes 9 with a pre- 
determined thickness on the resulting RGB organic 
function layers 8 in such a manner that the metal vapor 
drops perpendicular to the substrate without step cov- 
erage. It is noted that the metal vapor flow is substan- 
tially vertical to the surface of the substrate so that the 
overhanging portion 7a of the rampart prevents the dep- 
osition of the metal thereunder on the edges of the or- 
ganic function layer or at least, lower face of the over- 
hanging portion perse. 

[0050] The overhanging portion 7a of the rampart di- 
vides the metal layer deposited by the vertical metal va- 
por flow to the substrate, so that the cathode 9 is formed 
physically electrically apart from the metal layer depos- 
ited on the top face of the rampart as shown in Fig. 8D. 
Therefore, the adjacent cathodes 9 sandwiching the 
rampart are electrically disconnected to each other. 
Moreover, the combination of the vertical metal vapor 
flow and the overhanging portion also causes the elec- 
trical insulation between the cathode 9 and the ITO an- 
ode 3 to prevent a short circuit therebetween, since the 
metal vapor flow going around the overhanging portion 
7a does not reach so far as the edge of the organ ic func- 
tion layer 8 of the organic EL medium previously formed 
so that the organic function layer 8 appears from the 
cathode 9 as shown in Fig. 8D. Thickness of the metal 
cathode is not restricted as far as it does not provide any 
short circuit. For the metal cathode a low resistance met- 
al such as Al, Mg, Cu, Au and the like and an alloy there- 
of is used. 

[0051] Next, Figs. 9A to 9C show another embodi- 
ment process for an organic EL display panel carrying 
ramparts of reverse tapered cross-section. 
[0052] As shown in Fig. 9A, the ramparts 7 each hav- 
ing the reverse tapered cross-section are formed on the 
substrate 2 on which the ITO anode 3 with a predeter- 
mined pattern previously formed in a way that a site 9a 
to be an edge of the cathode takes shelter from the metal 
vapor flow vertically dropped later by means of over- 
hanging portion 7a. 

[0053] As shown in Fig. 9B, by using the shadow 
mask 30 the RGB organic function layers are formed in 
turn on the substrate 2 in the same manner mentioned 
above. Since the shadow mask contacts via the rampart 
servicing as a spacer to the organic EL medium during 
the vacuum-deposition, the mask can not damage the 
organic function layer due to a gap between the shadow 
mask and the ITO anode or the organic function layer 



maintained by the rampart, in addition, this vacuum- 
deposition is performed while th substrate is rotated 
with respect to an axis extending normally to the surface 
thereof in order that the EL medium goes around the 
overhang of the reverse tapered rampart and reaches 
the base thereof. Instead of the rotation of the substrate, 
a plurality of vapor sources may be used for entering the 
EL medium to the root of the reverse tapered rampart 
from various directions based on the sources. The dep- 
osition of EL medium at the root of the rampart is efficient 
for the wide spread organic function layer preventing s 
short-circuit between the ITO anode and the cathode 
formed later. 

[0054] As shown in Fig. 9C, the cathode material of 
metal is vacuum-deposited perpendicular to the surface 
of the substrate. As seen from the figure, the overhang- 
ing portion 7a of the reverse tapered rampart interrupts 
the metal vapor flow from the root adjacent to the site 
9a to be a cathode edge, in this way, both the electrical 
separations of the adjacent cathodes between which the 
rampart is put and of the ITO anode and the cathode 
pattern are simultaneously achieved. 
[0055] Last, after the sealing against moisture is per- 
formed, an organic EL full-color display panel is ob- 
tained. 

[0056] Of course, the organic EL full-color display 
panel may be formed as a monochrome display panel 
by depositing single color organic function layers are de- 
posited, instead of RGB organic function layers of the 
steps as shown in Fig. 9B and Fig. 8A to 8C. In addition, 
another EL full-color display panel may be obtained 
when RGB filters are provided and white color organic 
function layers are formed on the substrate. 
[0057] The organic EL display panel according to the 
present invention does not lose its inherent performance 
for a long period, since there is no process with proba- 
bility of damaging the organic function layer such as the 
wet type photolithography after the formation step of the 
organic EL layers. In addition, since the cathode is 
formed with the vertical metal flow, the flexible cathode 
pattern may be obtained. Further, the reverse tapered 
rampart may be formed by the photolithography at a fine 
patterning with a precision of 10 micrometers or less. 
[0058] The feature of the present invention of the or- 
ganic EL display panel is the existence of ramparts on 
the substrate each comprising the overhanging portion 
and having a T-shaped cross-section or the reverse ta- 
pered cross-section at the portion or the whole thereof. 
The feature of the method according to the present in- 
vention is that the organic EL medium material vapor 
flow goes around the overhanging portion closer to the 
base of the reverse tapered or T-shaped rampart than 
the cathode metal material vapor flow. 



[0059] An organic EL display panel was fabricated in 
that the rampart on the substrate was made of a pho- 
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toresist of chemically amplified type 
ln°f? la IT ° !" 0deS Were patterned in ^ stripe form 

< Z 1 The "^'Photoresist LAX-1 (available 

nT s ST Z60n Ca ' td ) Was spin - coated at a thick 
Then I 7 CrometefS as • on the substrate 
Then, the coated substrate was pre-baked in a warm air 
current circulatory oven. After that, a photo maTpro 
v.ding parallel slits for cathodes each width of 20 mi- 

thTth 1 W8S PUt ° n the Ph0,0resist laver i" a manner 
that the slrts extends perpendicular to the ITO stripes 
Then ..thephotoresistlayer was exposed with a pertinent 

ouen "t T ^ S ' itS ° f the photo ™* Subse- 
quently, the photoresist layer was perfonned with PE B 

ooed ' CUrr9n, CirCU ' at0ry ° Ven and «» devel- 

Vn eVGfSe ,aP6red ramparts each ^ving a 
Te ll 7 Cr ° me,ers and a "eight of approximately 
5.6 micrometers were formed (see Fig. 10 showing a 

roo a fi T, ,n9 A t Ctr0n "holograph o, the rampart) 
[0061] After a snadow mas(< provjded 

oTl r SP ° ndin9 ,0 8 ^ between ^rts was 
put on he ramparts, N, N' Hdiphenyl-N-N^bisfS-methyl- 
Phenyl)-l,V-biphenyl-4,4'-diamine ( ^ ™hyl 

Zuoh C ,r" depOSited 9t 3 700 an 9 s,ra ™ thickness 
through the opemngs onto the surface carrying the ram- 
parts while the substrate is rotated with Respect t an 

that the EL med.um goes around the overhang of the 
reverse tapered rampart and reaches the basTme eof 

SEEK -: umimm oxine chebte (hereina « a - : 

Z£ *■ t d3 ) W3S vacuum ^Posited at a 550 ang- 
Son S th ^f SS the S3me manner - After 'he deposi- 
ts vacuu^ ra,e t W f St ° PPed ,0 r0tate - 
was vacuum-deposrfed at a 1000 angstroms as cath- 
odes m a manner that Al vapor flow is perpendicular to 
he substrate (see Fig. ,1 of a scanning electron mfcro 

£3 a Win9 P ° rtins adjacent t0 xh o rampart) 
[0062] As seen from Fig. 11, the Allayer on the top 0 f 
he rampart is divided from that of on the substrate a 
he edge of the Al cathode layer on the substra etea 
he base ofthe rampart, so that the adjacent A 5£ 
ftne Mooned on the substrate are electricalfy discT 
nected to one another. In addition, the edge of the Z 

from the edge of the Al cathode layer, so that any short 
mu. between the Al cathode and" the ITO anTd oes 



14 



substrate Then, th coated substrate was pre-baked in 
awarrnar current circulatory W en. After tnat,^ 
ed substrate was dipped into a C 8 H 5 CI fluid at a tern 
perature of 32»C for 30 minutes. Then, a phSc nS 

SSS? Para " el S,itS f ° r Ca,h0deS each wSh of 2 mf 
thTt I' ri PUt : n ,hS Ph0t0fesist - a manne 
tS„ I ? ndS pef P endic "'ar to the ITO stripes 
Then, the photoresistlayer was exposed with a pertinent 
radiat,on through the slits of the photo mask Sutee 

verse tapered ramparts each having a wil 0^2 mi 
orometers and a height of approximately one mtome 
er were formed (see Fig. 12 showing a scanning etec- 
^onmrcrophotograph of the rampart) 9 

and a!? "I ° r9aniC ' UnC,i0n ,aver comprising 

the sa™ ^ 3 ^ A ' Cath0de laVer were fo rmed in 
tne same manner that of EXAMPLE 1 

[0066] As a result, the Al layer on the top of the ram- 

o tie ITT ay6r ° n ' he SUbstra,e nea ' the base 

ftmed Zhf h ^ adjaC6nt Al Ca,hode 
formed on the substrate were electrical disconnected 

* edge of the Al cathode layer, so that any shortScS 
between the A, cathode and the .TO and 

[0067] According to the present invention it makes 
sure of automatically complete* patterning o he™ t 
" ode , lnes without use of the photoifthog^phj ITZ 
cathode patterning, since the Al layer on the top 0 the 
rampart with overhanging portions is eiec.ncS 
rated from that of on the substrate during the vacuum 
deposmon. In addition, the film formation of the or^ 

mask put thereto real.zes an available separation of the 

drsp ay panel compnsmg organic function layers is man- 
ufactured wrthout deterioration of the organic funTtton 
40 n ° r anv leaka 9* of EL medium ,0 adjacen 7££ 
The number of the steps in the manufacturing is Ze 

S hi; " B 6 o ' a'" ^ ° f Pn0r 3rt ' the S « 
toJieRGBmlfS ' unc t | on layers is surely achieved so 
^ that the RGB med.a are shared with a high precision. 

(EXAMPLE 3) 



(EXAMPLE 2) 
e°dTL^ 9r0r9a ™^ 

[0064] ITO anodes were patterned in the stripe form 
on a glass substrate, and then the substrate was suT 

cientrywashed.Theposi-photoresis.AZ 61 l|Zilable 
rom Hoechst Japan Ltd.) was spin-coated it a t k 
ness of approximately one micrometer as a layer on the 



iKSL . " C °' 0r diSplay pan * in which non- 
» andcatT ,Seach ^'^"9 thin film transistors^) 
and capactors connected to the second display elec 

STJ^r^ t096ther With SCan s '9" a i 'in s an d 
data signal l.nes on the substrate as shown in Fig. 13 
As seen from the figure, ITO anode layers 3 organic 
funcon layers 8 and second display erodes fare 

strate , n the same manner as the forgoing embodi 
mems. Individually, a back glass substrate ^ carS 
nonknear elements 101 connected to the second T 
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play electrodes 9 and the scan data signal lines are 
formed correspondingly to the number of predetermined 
pixels. Thus, an anisotropic conductive adhesiv 103 
adheres both the front and back substrates so that the 
nonlinear elements 101 are electrically connected only 
to the corresponding second display electrodes 9 re- 
spectively to result in a flat display panel. 
[0069] In the formation of the TFT EL flat display pan- 
el, it should be noted that individual cathode and organic 
function layer precisely corresponds separately to each 
emitting portion of the pixel, and further one of the cath- 
ode is perfectly insulative electrically to the adjacent 
cathode. This requirement is achieved by another em- 
bodiment of the present invention that the T-shaped 
cross-section or reverse tapered ramparts with over- 
hanging portion are formed in the form of a two dimen- 
sion matrix. 

[0070] In addition, the present invention realizes an 
organic electroluminescent display panel and method 
for manufacturing the same which are capable not only 
of being manufactured with a freely flexible patterning 
without deterioration of the organic function layer, cath- 
ode and other elements, but also of preventing any 
puncture of the first and second display electrodes and 
the organic function layer with a high yield rate in the 
production thereof. Namely, in Example 4, at least one 
insulative layer is inserted between the first and second 
display electrodes under the overhanging portion of the 
rampart. In Example 5, the ramparts and the second dis- 
play electrodes are covered with an insulative sealing 
film. 

(EXAMPLE 4) Addition of an insulative layer 

[0071] There are manufactured an organic EL display 
panel including insulative layers preventing the short- 
circuit between the first and the second display elec- 
trodes, particularly at the edge of the second display 
electrode. 

[0072] As shown in Fig. 1 4A, after the first display 
electrodes 3 (I TO anodes) are previously formed in the 
predetermined pattern on the substrate, insulative lay- 
ers 40 are formed on the sites planed to be at edges of 
the second display electrodes formed later. 
[0073] As shown in Fig. 1 4B, the ramparts 7 each hav- 
ing the reverse tapered cross-section are formed on the 
insulative layers 40 and the substrate 2 in a way that 
each overhanging portion 7a of the ramparts 7 covers 
the insulative layer at the site planed to be at edges of 
the second display electrodes formed later. The insula- 
tive layers 40 are formed on gaps between the second 
display electrodes or patterns to define the shape of the 
second display electrode. 

[0074] As shown in Fig. 14C, by using the shadow 
mask 30 with the predetermined openings, the RGB or- 
ganic function layers are formed in turn on the rotating 
substrate 2 in the same manner mentioned above. The 
shadow mask is contact d to th ramparts apart from 



the organic function layers during the vacuum-deposi- 
tion. The mask thus did not damage the organic function 
layer 

[0075] As shown in Fig. 14D, the cathode metal ma- 
5 terial is vacuum-deposited as a whole to the surface of 
the substrate. This vacuum-deposition is performed by 
the angle 9 less than a tapering angle & (6 < 6' ) of the 
reverse tapered rampart with respect an axis extending 
normally to the substrate. The overhanging portion 7a 
of the reverse tapered rampart interrupted the metal va- 
por flow from the root adjacent to the site to be a cathode 
edge, so that there are simultaneously achieved both 
the electrical separations of the adjacent cathodes be- 
tween which the rampart is placed and of the ITO anode 
and the cathode. In addition, There is no short-circuit 
between the edges of the cathode i.e., the second dis- 
play electrode and the previously formed ITO anode 
even when the deposited metal cathode crosses over 
the edge of the organic function layer because of the 
insulative layer 7 formed in the step of Fig. 14A. 
[0076] Last, after the sealing against moisture is per- 
formed, an organic EL full-color display panel is ob- 
tained. 

[0077] A monochrome EL display panel may be ob- 
tained if deposition of single color organic function lay- 
ers are deposited, instead of RGB organic function lay- 
ers of the steps as shown in Fig. 14C. In addition, an- 
other EL full-color display panel may be obtained when 
RGB filters are provided and white color organic function 
layers are formed on the substrate. 
[0078] The area range of each insulative layer formed 
in the step of Fig. 1 4A is at least each edge portion (Fig. 
15) of the adjacent second display electrodes and fur- 
ther at maxim the surface of the substrate other than 
emitting portion of displaying dots (segments) (see Fig. 
1 9). For example, Fig. 15 shows the pattern of the insu- 
lative layers 40 in the insulative layer formation step of 
Fig. 14A in which a pair of the parallel insulative layer 
stripes 40a and 40b extending vertical to the first display 
electrode 3. In this case, these parallel insulative layer 
stripes 40a and 40b are formed as sandwiching the base 
of the rampart 7 as shown in Fig. 16. In anther embod- 
iment, the integrated insulative layers 40 may be formed 
so as to combine those parallel insulative stripes of Fig. 
15 extending vertical to the first display electrode 3 as 
shown in Fig. 1 7. In this case, the ramparts 7 are formed 
along the center line of each integrated insulative layer 
40 as shown in Fig. 18. In further anther embodiment, 
the insulative layer may be formed so as to combine 
those vertical and lateral insulative stripes as shown in 
Fig. 1 9. That is, the insulative layer is formed on the sur- 
face of the substrate other than the exposed portions 50 
of the first display electrode and the edge portions 60 of 
the first display electrodes. As a result, the insulative 
layer also prevents the short-circuit between the edge 
of the first display electrode and the second display elec- 
trode. 

[0079] The organic EL display panel according to this 



15 



20 



25 



30 



35 



40 



45 



50 



9 



17 



EP 0 732 868 B1 



embodiment maintains its inner nt performance for a 
ong period after the production, therefore a high yield 
rate of he product™, since there is no process with 
probably of damaging the organic function layer such 
^ thewettyp e photolithography after the formation step 
o the organic EL layers. In addition, since the direction 
of the deposition of the second display electrode is free 
a variety of second display electrode patterns are 
achieved. In addition, the insulative layer placed be- 
tween the edge of the second display electrode and the 
first display electrode prevents the short-circuit therebe- 
ween Moreover, the reverse tapered rampart and the 
Mutato* layer may be formed by the photolithography 
at a fine patterning with a precision of 10 micrometers 

EH!! ■ C °T tely ' an ELdisplay panel includ- 
ing the insulative layer placed between the edge of the 
second display electrode and the first display electrode 

fZI" f? Ur6d in subs,antial V »» ^me manner as 
Example 1 above mentioned, in which the insulative lay- 
er formation step was inserted between the first display 
electrode step and the rampart formation step 

i IT ° ! n ° deS W6re Pa,terned in ,he stripe form 
on a glass substrate, and then the substrate was suffi- 
ciently washed. The photoresist OFPR-8000 (available 
, from Tokyo Ohka Co. ltd.) was spin-coated a, a thick 
ness of one micrometer as an insulative layer on the 
substrate. Then, the coated substrate with th Lulatl 

Sin ? T in thS wam air current circutetorj 
oven^After at, a photo mask providing parallel slits for 
cathodes each width of 20 micrometers was put on the 
photoresist insulative layer in a manner that the slits ex- 
tends perpendicular to the ITO stripes. Then, the pho- 
SB ayer , was ex P°*ed with a pertinent radiation 
through the slits of the photo mask. Subsequently the 
Photoresist layer was developed and rinsed and then 
post-baked in the warm air current circulatory oven. In 
his way the stripe insulative layer 40 as shown in Fig 
1 7 were formed. a ' 

NeX, 4 thS na 9a-photoresist LAX-1 (available 

ness Sff C °- ' td) W3S Spin - COa,ed at a thic *- 
ness of 5.6 micrometers as a layer on the substrate 

Then, he coated substrate was pre-baked in a warm air 

current crculatory oven. After that, a photo maskX 

vidmg parallel slits for cathodes each width Tl 8 mi- 

thTbTthT pu t l T* photoresist layer in a man ™ 

that both the center lines of each insulative layer and 
each stripe slit of the photo mask (the line width 1 8 mi- 
crometers) are coincides with each other. Then, the pho- 

ZIZ 6XP0Sed Wtth a P ertinent nation 

through the slrts of the photo mask. Subsequently the 
Photoresist layer was performed with PE.B * Z 11 
air current circulatory oven and was developed, so tha 
reverse tapered ramparts each having a width of 18 mf 
crometers and a height of approximately 5.6 microme- 
ters were termed. The tapering angle ff of the reverse 
tapered rampart ,n respect to the normal line of the sub- 
strate was measured to b approximately 30 degree 
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S * T' SUbS,fate 2 Was fixed ,0 ,ne turntable 
pravided in the vacuum chamber of the vacuum depo- 

va uu.T ' n K ,he ^ 8h0Wn in Fi9 - 20 ' and the " *• 
vacuum chamber was exhausted up to a pressure of -5 

,hSn the Vacuum de P°s«ion was per- 
formed with a resistance heating method while the sub- 

ml e » Wa t S h r0tat f With res P ect «°an axis extending nor- 
mally to the surface thereof.. Under this condition TPD 

Subsequently, Alq 3 was vacuum-deposited at a 550 
angstroms thickness in the same manner. Further the 
second display electrode o, Al was vacuum-depos i ed 
at a 1000 angstroms thickness. In these cases each of 
the material vapor sources 55 corresponding the steps 
r« P,aC ? UndSr thS SUbs,ra,e 2 therefore thfva 

EE . ? y the angle 9 = 20 de 9 ree at 

Inl* ZT " ne °' th6 SUbStrate ,ess tha " tapering 
anglee-SOdegree the reverse tapered rampart. There 

20 Z k r aSUfed thS conduct ^ity cross the adjacent Al 
hnesbetweenwhichtherampartexistssothatiperfec 
e lectrical insulation was complete. In addition, upon ap- 
plication of 1 0 Volts across the ITO and Al electrodes of 

tayers emitted a green light at a high luminance but not 
*s occurs any short-circuit therebelween. 

(EXAMPLE 5) Addition of an insulative sealing film 



30 ESS? ^ " SUlatiVe Sealina film is for ™d as sur- 
Z Z T" ^ rampart — cova ™9 en- 
calno tt diSP ' ay e ' eCtrode pattem - A substrate 
carry.ng the second display electrodes is previously 
formed through the steps shown in Figs. HA to Z £ 
ss ri^lf mann6r ° f Example 4 The substrate is cov- 

Z 2«L nMe sea,in9 fi,m 45 Wrth a ^ da " p- 

ZZ t™ \ ,he V3CUUm deposition while the 
substrate is rotated, sputtering or CVD method 

[0085] The insulative sealing film is deposited in such 

« the m orr at ^ Sea,in9 mat8rial Vapor 

MtolSS*"™ ,0Ward the ,apered side ««• 
fnFial' ^ fhe T rSetaperedrampart7assho wn 
atthe'in lit ere0re - thesealinama forialvaporreaches 
at the insulative layer 40 as shown in Fig. 22, so that the 

« tZT^ eleCtr0d9 ' ineS 9 are psrfe <% co-ed 
ea,rtT a,in9 45 ' n '^insulative 
sealing film 45 may cover the tapered side walls of the 
rever Se tapered rampart 7 as shown in Fig. 23 As far 
as the insulative layer 40 covers at least the "second dis 

so SSSTf* line8, the ,orm ,hereof is not ™ M ™ 

SU? fh T er ' ,hiS Sealin9 s,ructure ™ay be ap- 
Si! ^ m9nti0ned Exam P |es as well as Ex- 
ample 4 ,n which no insulative layer is formed in the pan- 
el. As shown in Fig. 24, the insulative sealing film is de- 

« ^^^^^^^ 

goes around the over hanging portion toward the base 
Hi T taPSred rampart 7 - 80 ,hat the edges of 

LyeTan d d r; SPlay rf e,eC,r0de 9 Bnd ,he 
layer 8 and the surface portion of the first display elec- 
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trode 3 on the substrate are covered with the insulative 
sealing film 45. Alternatively, as shown in Fig. 25, all of 
the second display electrode lines 9, th reverse ta- 
pered rampart 7 including the tapered side walls and the 
lik may be perfectly covered the insulative sealing film 
45. 

[0087] The present invention prevents non-emitting 
portions or dark spots growing or entering from the edge 
of the second display electrode to the organic function 
layer, since the insulative sealing film for perfectly cov- 
ering the second display electrode pattern. In other 
words, the organic EL display panel according to the 
present invention has a very high durability. 
[0088] Concretely, an organic EL display panel includ- 
ing the insulative layer and the insulative sealing film 
was manufactured in substantially the same manner as 
Example 4 above mentioned, in which the insulative 
sealing film formation step was added after the second 
display electrode formation step. 
[0089] A substrate carrying the Al display electrodes 
was previously formed through steps in the same man- 
ner as Example 4. After that, by using the sputtering 
method, a Si0 2 layer was deposited as an insulative 
sealing film at a one micrometer thickness. There was 
no measured any conductivity between the adjacent Al 
lines between which the rampart exists so that a perfect 
electrical insulation was complete. In addition, upon ap- 
plication of 10 Volts across the ITO and Al electrodes of 
the resultant display panel, the selected organic function 
layers emitted a green light at a high luminance but not 
occurs any short-circuit therebetween. Furthermore, the 
resultant display panel did not have non- emitting por- 
tions in the organic function layer nor expansion thereof 
for a long period of several days in the air. 
[0090] According to the present invention, the follow- 
ing advantageous effects are obtained. 

(1 ) After the formation of the organic EL layers, it is 
unnecessary to perform a step with probability of 
damaging the organic function layer such as the 
photolithography. Due to existence of the ramparts, 
the protection of the organic function layer is stable 
and the damage of the layers is reduced. 

(2) The number of the steps in the manufacturing is 
reduced than those of the prior art, the separation 
of the RGB organic function layers is surely 
achieved so that the RGB media are shared with a 
high precision. 

(3) A freely flexible patterning on the substrate is 
realized without deterioration of the organic function 
layer, cathode and other elements. 

[0091] It should thus be apparent that the scope of the 
teaching of this invention is not intended to be limited 
by only the embodim nts that have been expressly dis- 
closed and illustrated, but that instead th scope of the 
teaching of this invention should be read as being com- 
mensurate with the scope of the claims that follow. 
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Claims 

1 . An organic electroluminescent display panel having 
a plurality of emitting portions comprising: 

5 

a substrate on which a plurality of first display 
electrodes corresponding to emitting portions 
are formed; 

10 electrical insulation ramparts projecting from 

the substrate for exposing at least portions of 
the first display electrodes respectively; 

organic function layers each including at least 
75 one organic electroluminescent medium 

formed on exposed portions of the first display 
electrodes; and 

second display electrodes formed on the or- 
20 ganic function layers; 

characterized in that 

each electrical insulation rampart has an overhang- 
ing portion projecting in a direction parallel to the 
25 substrate. 

2. An organic electroluminescent display panel as set 
forth in claim 1 and further comprising: an insulative 
layer formed on portions of the first display elec- 
ta trodes to be under said overhanging portion and/or 

edges of the exposed portions of the first display 
electrodes. 

3. An organic electroluminescent display panel as set 
35 forth in claim 1 and further comprising: 

an insulative sealing film entirely formed on the first 
display electrode, the organic function layers and 
the second display electrode; and at least the sec- 
ond display electrode being covered as a whole with 
40 the insulative sealing film. 

4. An organic electroluminescent display panel as set 
forth in claim 1 and further comprising: 
an insulative sealing film entirely formed on the first 

45 display electrode, the organic function layers and 
the second display electrode; and at least the or- 
ganic function layers being covered as a whole with 
the insulative sealing film. 

so 5. An organic electroluminescent display panel as set 
forth in claim 1, wherein said first and the second 
display electrodes are formed as stripes respective- 
ly, and each first display electrode is arranged per- 
pendicular to each second display electrode. 

55 

6. An organic electroluminescent display panel as set 
forth in claim 1 , wherein said substrate and said first 
display lect rode are transpar nt. 
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4. 

45 

so 5. 
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7. 



An organic electroluminescent display panel as set 

forth in claim 6 and further comprising: 

a reflective film formed on said second display el c- 

trode. 

An organic electroluminescent display panel as set 
forth in claim 1, wherein said second display elec- 
trode is transparent. 

An organic electroluminescent display panel as set 
forth in claim 8 and further comprising a reflective 
film formed on the first display electrode at the out- 
er-side. 
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10. A method for manufacturing an organic electrolumi- 
nescent display panel having a plurality of emitting 
portions comprising the steps of: 

forming a .plurality of first display electrodes 
corresponding to emitting portions on a sub- 
strate as a patterning step; 



15 



20 



forming, on the substrate, electrically insulative 
ramparts for exposing at least portions of the 
first display electrodes and protruding from the 25 
substrate as a rampart formation step; 



depositing organic electroluminescent media 
onto exposed portions of the first display elec- 
trodes respectively as an organic electrolumi- 
nescent media depositing step, thereby form- 
ing a plurality of organic function layers each 
including at least one organic electrolumines- 
cent medium on the first display electrodes; and 

forming a plurality of second display electrodes 
formed on the organic function layers as a form- 
ing step of the second display electrode, 

characterized in that 

in the rampart formation step each of said electrical 
insulation ramparts is formed so as to have an over- 
hanging portion projecting in a direction parallel to 
the substrate. 
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11. A method as set forth in claim 10, 

wherein said rampart formation step comprises 
the steps of: 

forming entirely a rampart material layer on said 
substrate; 

forming a resist mask with a predetermined pat- 
tern openings on the rampart material layer 
and ' ' 

etching the rampart material layer through the 
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openings of the resist mask by using a dry-etch- 
ing or wet-etching, thereby forming the ram- 
parts having said overhanging portions. 

12. A method as set forth in claim 10 or 11 , 

wherein the organic electroluminescent media 
depositing step comprises repetition of the fol- 
lowing steps of: 

putting a shadow mask onto top surfaces of the 
ramparts, the shadow mask having a plurality 
of openings corresponding to the portions of the 
first display electrodes to be exposed, while 
aligning the openings to the first display elec- 
trodes respectively; 

depositing organic electroluminescent media 
through the openings onto the first display elec- 
trodes or layers of media between the ramparts 
respectively; and 

shifting the shadow mask to an adjacent portion 
of the top surfaces of the ramparts where the 
openings are aligned to adjacent other first dis- 
play electrodes or layers of media. 

13. A method as set forth in anyone of claims 10 to 12 , 
and further comprising: 

between said patterning step for said first dis- 
play electrode and said rampart formation step, 

forming insulative layers on portions of the first 
display electrodes to be under said overhang- 
ing portion and/or edges of the exposed por- 
tions of the first display electrodes. 

14. A method as set forth in anyone of claims 10 to 13 
and further comprising: 

after the forming step of the second displav 
electrode, 1 
forming entirely an insulative sealing film on at 
least the whole of the second display elec- 
trodes, so that the insulative sealing film is 
formed on the first display electrode. 



Patentanspruche 



1. 



Organisches Elektrolumineszenzanzeigefeld mit 
emer Vielzahl von emittierenden Abschnitten, um- 
fassend: 

ein Substrat, auf dem eine Vielzahl von ersten 
Anzeigeelektroden gemaG emittierenden Ab- 
schnitten gebildet ist, 
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elektrische Isolationswalle, die von dem Sub- 
strat vorstehen, urn jeweils mindestens Ab- 
schnitteder ersten Anzeigeelektroden freizule- 
gen, 

5 

organische Funktionsschichten, die jeweiis 
mindestens ein organisches Elektrolumines- 
zenzmedium umfassen, das auf freigelegten 
Abschnitten der ersten Anzeigeelektroden ge- 
bildet ist, und 10 



zweite Anzeigeelektroden, die auf den organi- 
schen Funktionsschichten gebildet sind, 

dadurch gekennzeichnet, daft is 
jeder elektrische Isolations wall einen uberhangen- 
den Abschnitt aufweist, der in einer Richtung paral- 
lel zum Substrat vorsteht. 

2. Organisches Elektrolumineszenzanzeigefeld nach 20 
Anspruch 1 und ferner umfassend: 

sine isolierende Schicht, die auf Abschnitten der er- 
sten Anzeigeelektroden gebildet ist, so daB sie sich 
unterdem uberhangenden Abschnitt und/oder Ran- 
dern der freigelegten Abschnitte der ersten Anzei- 25 
geelektroden befindet. 

3. Organisches Elektrolumineszenzanzeigefeld nach 
Anspruch 1 und ferner umfassend: 

einen isolierenden Versiegelungsfilm, der vollstan- 30 
dig auf der ersten Anzeigeelektrode, den organi- 
schen Funktionsschichten und der zweiten Anzei- 
geelektrode gebildet ist, und wobei zumindest die 
zweite Anzeigeelektrode als Ganzes mit dem iso- 
lierenden Versiegelungsfilm bedeckt ist. 35 

4. Organisches Elektrolumineszenzanzeigefeld nach 
Anspruch 1 und ferner umfassend: 

einen isolierenden Versiegelungsfilm, der vollstan- 
dig auf der ersten Anzeigeelektrode, den organi- 40 
schen Funktionsschichten und der zweiten Anzei- 
geelektrode gebildet ist, und wobei zumindest die 
organischen Funktionsschichten als Ganzes mit 
dem isolierenden Versiegelungsfilm bedeckt sind. 

45 

5. Organisches Elektrolumineszenzanzeigefeld nach 
Anspruch 1 , wobei die ersten und die zweiten An- 
zeigeelektroden jeweils als Streifen gebildet sind 
und jede erste Anzeigeelektrode rechtwinklig zu je- 
der zweiten Anzeigeelektrode angeordnet ist. so 

6. Organisches Elektrolumineszenzanzeigefeld nach 
Anspruch 1 , wobei das Substrat und die erste An- 
zeigeelektrode transparent sind. 

55 

7. Organisches Elektrolumineszenzanzeigefeld nach 
Anspruch 6 und ferner umfassend: 

einen reflektier nden Film, der auf der zweiten An- 



zeigeelektrode gebildet ist. 

8. Organisches Elektrolumineszenzanzeigefeld nach 
Anspruch 1, wobei die zweite Anzeigeelektrode 
transparent ist. 

9. Organisches Elektrolumineszenzanzeigefeld nach 
Anspruch 8 und ferner einen reflektierenden Film 
umfassend, der auf der ersten Anzeigeelektrode an 
der Au3enseite gebildet ist. 

10. Verfahren zum Herstellen eines organischen Elek- 
trolumineszenzanzeigefeldes mit einer Vielzahl von 
emittierenden Abschnitten mit den Schritten, daB: 

als ein Musterungsschritt eine Vielzahl von er- 
sten Anzeigeelektroden gemaB emittierenden 
Abschnitten auf einem Substrat gebildet wird, 

als ein Wallbildungsschritt auf dem Substrat 
etektrisch isolierende Walle gebildet werden, 
die von dem Substrat vorstehen, urn zumindest 
Abschnitte der ersten Anzeigeelektroden frei- 
zulegen, und 

als ein Schritt zum Abscheiden organischer 
Elektrolumineszenzmedien organische Elek- 
trolumineszenzmedien jeweils auf freigelegte 
Abschnitten der ersten Anzeigeelektroden ab- 
geschieden werden, wodurch eine Vielzahl von 
organischen Funktionsschichten, die jeweils 
zumindest ein organisches Elektrolumines- 
zenzmedium umfassen, auf den ersten Anzei- 
geelektroden gebildet wird, und 

als ein Schritt zum Bilden der zweiten Anzeige- 
elektrode eine Vielzahl von zweiten Anzeige- 
elektroden gebildet wird, die auf den organi- 
schen Funktionsschichten gebildet werden, 

dadurch gekennzeichnet, da(3 
bei dem Wallbildungsschritt jeder der elektrischen 
Isolationswalle derart gebildet wird, daB er einen 
uberhangenden Abschnitt aufweist, der in einer 
Richtung parallel zum Substrat vorsteht. 

11. Verfahren nach Anspruch 10, 

wobei der Wallbildungsschritt die Schritte um- 
faBt, daB: 

eine Wallmaterialschicht vollstandig auf dem 
Substrat gebildet wird, 

ein Resistmaske mit vorbestimmten Muster- 
offnungen auf der Wallmaterialschicht gebildet 
wird, und 
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die Wallmaterialschicht durch die Offnungen 
der Res.stmas.ee hindurch unt r VewerZg 
von Trockenatzen Oder NaBatzen geatzt wird 
wodurch die Walle mit den Oberhangenden i 
schnittengebildetwerden. 

12. Verfahren nach Anspruch 10 Oder 11, 

^eiderSchrittzumAbscheidenorganischer 
EteWrolumineszenzmedien die Wiederholung 
der folgenden Schritte umfaBt, daB: 

di n r e W /f. < ; hat,enmaSke aUf 0bere °°erflachen 
ke eme Velzahl von Offnungen gemaB den frei- 
z legenden Abschnrtten der ers.en Anzeige- 
elektroden aufweist, wahrend die Offnungen ie- 

weismrtdenerstenAnzeigeelektrodenausge- 
nchlet werden, a 



EP 0 732 868 B1 



26 



10 



15 



o gauche Elektrolumineszenzmedien durch 
die Offnungen hindurch jeweils auf die ersten 
Anzeigeelektroden Oder Medienschichten zwi- 
schen den Wallen abgeschieden werden, und 

tbsST?™?* 2U 6in6m ben *»barten 
Abschnrtt der oberen Oberflachen der Walle 

Z a C ch °h T Wird ' bei d6m die 6ffnun 9 en 
benachbarten we,teren ersten Anzeigeelektro- 
den Oder Medienschichten ausgerichtet wer- 
□en. 
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13. Verfahren nach irgendeinem der Anspruche 10 bis 
12, das ferner umfaBt, daB • 

3. 

zwischen dem Musterungsschritt fQr die erste 
Anze.geelektrode und dem Wallbildungsschritt 

isolierende Schichten auf Abschnitten der er- 
sten Anzeigeelektroden gebildet werden, so 
daB s,e sich unter dem uberhangenden Ab- 
schnm und/oder Randern der freigelegten Ab- 
schnitte der ersten Anzeigeelektroden befin- 
aen. 

14. Verfahren nach irgendeinem der Anspruche 10 bis 
13, das ferner umfaGt, daG 

nach dem Schritt zum Bilden der zweiten An- 
zeigeelektrode 

ein isolierender Versiegelungsfilm vc-Hstandig 
auf zummdestden gesamten zweiten Anzeige- 
elektroden gebildet wird, sodaGder isolierende 
Versiegelungsfilm auf der ersten Anzeigeelek- 
trode gebildet wird. 
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TZT ? ffiCha9e 6,ectr °'"minescent organique 

un substrat sur lequel est formee une plurality 

JWreselectrcxiestfaffichagec^pon 
dant^des parties emettrices- 

S io T Part ? d ' iS0lati0n 'aisant 
«Hhe depuis le substrat pour exposer respec- 

27? aU ,. m ° inS d6S Parties des P re m<eres 
Electrodes d'affichage- 
des cou ches de fonct : on ofganjques 

nam chacune un milieu electroluminescent or- 
ganique forme sur des parties exposees des 
premieres electrodes d'affichage- et 
des deuxiemes electrodes d'affichage formees 
sur les couches de fonction organiques; 

caracterise en ce que 

nn rtQ ChaqUe rempart d ' feo| a«on electrique com- 

porteunepartieensurolombquifaitsailliedansune 
direction parallels au substrat. 

Panneau d'affichage electroluminescent organique 
selon la revendication 1, et comprenant de plus 
une couche isolante formee sur des parties 

st 2T£E 6I ? odes d ' afficha9e < ui 

Stre sous ladrte part.e en surplomb et/ou des bords 
d^haTe 8 9XP0SeeS d6S 

Panneau d'affichage electroluminescent organique 
selon .a revendication 1 , et comprenant de plus 
m* ,r, scel| ement isolant entierement for- 
me sur les premieres electrodes d'affichaqe les 

J2 da ! IC h ha9e; et au "«*» les deuxiemes 
electrodes daffichage etant recouvertes dans leur 
ensemble par le film de scellement isolant. 

i. Panneau d'affichage electroluminescent organique 
selon la revendication 1, et comprenant de plus 

un film de scellement isolant entierement for- 
me sur les premieres electrodes d'affichaqe tes 

electrodes daffichage; et au moins les couches de 
fonction organiques etant recouvertes dans leur en- 
semble par le film de scellement isolant. 

Panneau d'affichage electroluminescent organique 
selon la revendication 1, dans lequel lesdites ore 
mjros et deuxiemes electrodes Whage S on 
reahsees respectivement sous forme de bandes e 
chaquepremiereelectroded'affichageestagencee 
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6. Panneau d'affichag Electroluminescent organique 
selon la revendication 1, dans lequel ledit substrat 
et lesdites premieres Electrodes d'affichage sont 
transparents. 

7. Panneau d'affichage Electroluminescent organique 
selon la revendication 6, et comprenant de plus : 

un film rEflecteur forme" sur lesdites deuxie- 
mes Electrodes d'affichage. 

8. Panneau d'affichage electroluminescent organique 
selon la revendication 1, dans lequel lesdites 
deuxiemes Electrodes d'affichage sont transparen- 
tes. 

9. Panneau d'affichage Electroluminescent organique 
selon la revendication 8, et comprenant de plus un 
film rEflecteur formE sur les premieres Electrodes 
d'affichage sur le cotE extErieur. 

10. ProcEdE de fabrication d'un panneau d'affichage 
Electroluminescent organique comportant une plu- 
ralitE de parties Emettrices, comprenant les Etapes 
consistant k : 

former une pluralrtE de premieres Electrodes 
d'affichage correspondant a des parties Emet- 
trices, comme Etape de formation des motifs; 
former, sur le substrat, des remparts d'isolation 
Electrique pour exposer au moins des parties 
des premiEres Electrodes d'affichage et faisant 
saillie depuis le substrat, comme Etape de for- 
mation de remparts; 

deposer des milieux Electro! uminescents orga- 
niques sur des parties exposEes des premiEres 
Electrodes d'affichage respectivement, comme 
Etape de dEp6t de milieux Electroluminescents 
organiques, pour former de ce fait une plurality 
de couches de fonction organiques compre- 
nant chacune au moins un milieu Electrolumi- 
nescent organique sur les premiEres Electro- 
des d'affichage; et 

former une plurality de deuxiemes Electrodes 
d'affichage formEes sur les couches de fonction 
organiques, comme Etape de formation de 
deuxiemes Electrodes d'affichage, 

caractErisE en ce que dans I'Etape de forma- 
tion de remparts, chacun desdits remparts d'isola- 
tion Electrique est formE de facon k comporter une 
partie en surplomb qui fait saillie dans une direction 
parallele au substrat. 

11. ProcEdE selon la revendication 10, dans lequel la- 
dite Etape de formation de r mparts comprend les 
Etapes consistant k : 

former entiErement une couche de matEriau de 



r mpart sur ledit substrat; 
former un masque de rEsist avec un motif prE- 
dEterminE dEbouchant sur la couche de matE- 
riau de rempart; et 
s attaquer la couche de matEriau de rempart k 

travers les ouvertures du masque de rEsist en 
utilisant un procEde d'attaque k sec ou d'atta- 
que par rEactif liquide, pour former de ce fait 
les remparts comportant lesdites parties en 
10 surplomb. 

12. ProcEdE selon la revendication 10 ou 11, dans le- 
quel I'Etape de dEpdt de milieux electrolumines- 
cents organiques comprend la repetition des Eta- 

is pes suivantes consistant k : 

poser un masque perforE sur les surfaces de 
sommet des remparts, le masque perforE com- 
portant une pluralitE d'ouvertures correspon- 
20 dant aux parties des premiEres Electrodes d'af- 

fichage k exposer, tout en alignant les ouvertu- 
res respectivement sur les premiEres Electro- 
des d'affichage; 

dEposer des milieux Electroluminescents orga- 
ns niques k travers les ouvertures sur les premiE- 
res Electrodes d'affichage ou couches de mi- 
lieux entre les remparts respectivement; et 
dEplacer le masque perforE jusqu'6 une partie 
adjacente des surfaces de sommet des rem- 
30 parts ou les ouvertures sont alignEes avec 
d'autres premiEres Electrodes d'affichage ou 
couches de milieux adjacentes. 

1 3. ProcEdE selon Tune quelconque des revendications 
35 10 6 12, comprenant en outre : 

entre ladite Etape de formation des motifs pour 
lesdites premiEres Electrodes d'affichage et la- 
dite Etape de formation de remparts, 
40 le fait de former des couches isoiantes sur des 

parties des premiEres Electrodes d'affichage 
devant etre sous ladite partie en surplomb et/ 
ou des bords des parties exposEes des premiE- 
res Electrodes d'affichage. 

45 

1 4. ProcEdE selon Tune quelconque des revendications 
10 6 13, comprenant en outre : 

apres I'Etape de formation des deuxiEmes Elec- 
50 trodes d'affichage, 

le fait de former entiErement un film de scelle- 
ment isolant sur au moins la totalitE des deuxiE- 
mes Electrodes d'affichage, de sorte que le film 
de sceliement isolant est formE sur les premiE- 
55 res Electrodes d'affichage. 
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